UNCLASSIFIED 


AD NUMBER 
AD829102 
LIMITATION CHANGES 
TO: 


Approved for public release; 


distribution is 
unlimited. 


FROM: 


Distribution authorized to U.S. Gov't. 


agencies 
and their contractors; 


Administrative/Operational Use; 
Other requests shall be referred to Space and 


14 FEB 1956. 


Missile Systems Organization, Los Angeles, CA. 


AUTHORITY 
SAMSO ltr 28 Feb 1972 


THIS PAGE IS UNCLASSIFIED 


AD829102 


This docurent 3 
iit subject 
to S . 
ONh to. ‘trols and 
£0 = sign 
ns ™ 
only 


+ -02 G@oproval of: 
IQ e SAlisd » LA. Ca. 
Attn: SMSD ' one 


: : 
z = 
% 


¢ 
ay: pX™ 


CONVAIR (ASTRONAUTICS) DIVISION 
GENERAL DYNAMICS CORPORATION 


py 
an are 


Db 0 & 
CONVAIR | ASTRONAUTICS FORM A2136-1 (9-60) As ma ST on (AY ty | ; 
(meet 
|) MAR 29 1968 |), 


Mh beers 
SES KG VESTRY AES 


wo a 


i ’ 
Ly 


3x 


REPORT__2-7-022 TH 


DATE 2-14-56 
MODEL __2465 


This a at 
Oo Sroctis 
sith pro? apt rove 
a Ha et/iso, LA, © 
Attn: SMSD 
Model 7 - Preliminary 
Design and Systens 
PREPARED BY _Fe DfVincent GROUP 
REFERENCE 

@ 
oe APPROVED BY balfe A- Lee 

NO. OF PAGES 26 

NO. OF DIAGRAMS 2) 

RE VISIONS 
eres ee ae eee | PAGES AFFECTED _| 
 G-22-Stl D Vincust INSERTED | c= Inn Wy lemiaseeneet 
isan et 3 eee 
———EEE tite at ok nit souee ara 
pf __ AEP. CE popes 
ee AS, ea: ie 6 ERR 
i NE RC aaa ni ——__—— 
tt a aA JT ees eae . J. rn 
te aS eR ae ee: SAARI 
eee eee RON aT pene 
i eee, SO oe rrr ee ee oe ee 
Te Sa REARS 


CONVAIR ene 22 


ANALYSIS = 
PREPARED BY AN DIEGO REPORT NO. ZP-7-022 TW 
CHECKED BY move. 7 

REVISED BY DATE 2-14-56 


This is a technical note pertaining to missile tank geometry. 
It provides a list of formulas that may be referred to in reports 
and other technical papers where their development is incidental. 
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\ Mathematieal relations are presented pertaining to various 
missile tank and bulkhead configurations, Although seme of these 
relations are available in handbooks, they are included in this 
technical note together with a number of newly derived formulas. 
In this manner a comprehensive swmary of equations is obtained, 
permitting rapid computation of volumes, surfaces and other 
geometric characteristics of a great variety of shapes. 

The purpose of this teehnical note is to eliminate the need 
for repeating the derivations of frequently used equations in 
preliminary design and layout of missiles, 
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DTRQRIGTION 


Reports cofeerning missile tank geoartry have been compiled and 
it 1s expected that studies of this sort will continue, The studies 
indicate the necessity for a list of reference formulas applying to 
tank geometry that may be drawn from and referred te, eliminating the 
need of developing them within a :eport or the repetition of their 
development in releted reports, Although it is felt proper to make 


calculations within a report, geometric formula development is 
inoldental at the time of writing and should be available elsewhere, 

Thie technical note is presented for the purpose of fulfilling 
thie requirement and effort has been mate to include a broad range 
of mathematical expressions to meet the needs of missile tank 
designers, 

These formas presented consist of mathematioal expressions for 
tank and bulkhead volumes, their surface areas and other pertinent 
geometric information that is not readily available in standard 
handbooks, Formulas for partially filled tank shapes are included 
along with those of partially filled bulkheads, 

In general, this report is compiled for use with Studies pertaine 
ing to the 54-65 vehicle, however, it includes geometries for other 
shape tanks and bulkheads that may be used in future development 
studies. 
No attempt is made by this report to qualify the choice of any 
particular tank or bulkhead, 
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The first part following this introduction conteins a 
comprehensive list of fonmilas together with reference mabers vhieh 
may be referred to in technical studies. Exch of these vormilas 
refer to its origination whether “classic” or vhether derived within 
this report, If it is derived within this report, its leeatien is 
referred to by page number, 

% The second part 4s devoted to the derivation of the wioeomon 
formas referred to in the first section, They are presented in a 
form that gives the designer an understanding o: the fundamental 

9 derivation and ollows hin to change the formuls's original parameters 

without time consuming effort. 

The formulas contained in this report have been checked, 

However, errors may exist and their appearance should be brought to 


the authors attention for sorreation, 


rome 10184 ae Sear aes eran 


9 Revised Dete 


- 
CONVAIR Poo pee Porm 
Pi Neal cauronn Report Ne. ZP-7- O22 TN 
; t 
a 
<a 
& . | 
, | 
ParRT.. I 
ae NS es 


~ SUMMARY OF 


Bowe INTIS 


EQUATIONS 


CONVAIR 


a NV ALR 
g tei Om ro ae | Repert Ne. ZP-7-022TN 
Vr 1S TOTAL VOLUME 
St !S TOTAL SURFACE A’ LEA 
CONE FRUSTUM TANK REF. PAGES G6 47 
R 
= =. (93. ps 
“ (2) c= Li(R+R) x 
| Cos 
: = TCR+R VC +(R-R,F 
~R . 
@B) Vor hyetth, (R= RA Tan + & h? Tantx) 
CYLINDRICAL TANK COMB BIC FORMULAS ) 
2 
(4) Ve = TRIL 
(5) Vow h) 3 TI Rh 
() 3,7 277 RL * 
OGiVE TANK (CIRCULAR) REF PAGE @ 
(7) Nora) = TILk*d- kK dae 
| +r Sint} +n'd -d*] 
1 T 
| d ©) Se@d= 21a [d- k sn Q)] 
fl. ’ * 
rt ! = Sa 
cae 
ANOTE = TANS ENDED ARE HOT IN tLJGED IN SURF. AREAS 


Se 2 


7 Dete CONVAIR Pee 
P Cecil By Ra DIEGO, CALIFORNIA Repert Ne. ZP- 7-072 1N 
SPHERICAL BULKHEAD = REF. PAGES 9,10¢11 
As cee nerrn | 


4h ©) 4 =3T7H*(3n - H) 


>. | 
0) = @TH(H*+3R?) 


2 
(I) AP B+R 
(2) S,;= 2T1AH 


USe eau 4 Tek 43) Verret tf aera ete ty | 


(13) am Er2eoK. 


aie oe H OR h=V¥ni- R2 


aK 


FLUIPTICAL BULKHEAD ~~ REF. Paces 2,144 
(CIN: CYLINDRICAL TANK) 


- aS. y 4 (4) Vy = aH REQ 
= a 2 
TESS PE 05) Vowm sth (BCA bn) 


* 
(6) 5. nea BE |Log (AVE, +1 aF+R*)- Log J} 


2 
Cc; = Kt - K, WHERE K,* Ro 
LOG 1S OF BASE *e” 


G1) Rasius oF GuRVATURE (P) DIST. X ABove 
SASE PLANE 


¢ =. [Rt Kix(K? ap kaa 
KER 


® NoTE'- Borwbp BALE is HoT INT LUDED IN RURE. AREA 


ene 


Dete 


Pee (3 
CONVATET R Tomp Perm 
P red 2 Bier 8 em ve Oh ATER, Bimemr.s Coster eee 
Checked = BAN DIEGO, CALIFORNIA 
3 Revised Dete Medel 


Report Ne. ZP-7-O22 TN 


JELUIPTICAL _ BULKHEAD REF. PAGES 15.16 - 
IN CONE FRUSTUM TANK 


) 1@a, (eb ¢!7 
4 on’ So ) KB 
hoa = QQ? TAN 
© 4 VEE + Q* TAN ZO 
R= b atz-c# 


“ONTERSECTION LINE OF BULKHEAD 
WITH TANK 


OC * ANGLE. OF CONE FRUSTUM TANK 


(8) Vr (TOTAL VoL, OF Buik'D FROM BASEL [TANK's 
INTERSECTION] To Apex) 


= (8) Lata-c) +4(c- 02)] 
(8) V (VOLUME FROM BALE TO h’) 
M(B) [a2(h-6) + $62 n1)] 


(ZO) S CsuRFAce ARSA OF BULK'D FROM BASE 
CTANKS INTERSECTION] To Apex) 


bh” 
37 | avejar bY + 7a 106 (AVG, +V¥C,a74 6) 


~ cYGTTE - Be Los (VG, +¥O, C7 6))| 


OL* TBULK'D MINOR. SEMI AXIS (HEIGHT) 
b . 3 u MAJOR 7) 4a 


CF P\ET BETWEEN MAJOR AXIS AND BULK'D 
INTERSECTION with TANK = Ry TAN o/(e 

C.2 rape K? b 2 

SMe WHERE Ky = O/@ 

LOG 


13 BASE “Ee” 


Ul eeeenteemeeneeeeenetenesiageendumamneee ie 


Peel 
CONVAIR ome Ea 
Prepared By 
Cheeked By SAN DIEGO, CALIFORNIA 
re Revised Dete Medel 


Report No. ZP-7-O22TN 


TORICONICAL BULKHEAD REF. PAGES 18419 


rR kK CLeea OF “AP” ceNTeR) = K { 
4 % 4 
Ki I 

a NIN 8 


ie AY Goat Base RAD Us) 
< Vee (SuAvED Cone) 
(2) Vr* Vy + Vir 
; : 
Vi TEACH) EK AVE + A* su Q-4 } 
Vr > AT RICoT a bi 
2 © Rad. 
O (C2) S = ses. Cain Se 


31° Z271A.|K sin) +h | Cereus) 
2 


5 Ry 
See one ( 


Clone) 


PARABOLIC, BULKHEAD — REF PAGES 20 #4 


me, (23) Vrz5T7R*%a 
(24) Voor ny = 27 R*ALZ - 2] 
(25) Sy gM Rala+S)%- (BY) 
(27) RADIOS OF CURVATURE (P) 
eee eee % 
f 2ZRa (4ax +R i 
X = VERTICAL DIST 


WHERE Pis 


i 


FROM VERTEX To 
(DESIRED (ON THE SURFACE) 


ee 


Pege 
Date c oO N Vv A” J R 
ronald i . Temp Perm 


Checked B SAN DIEGO, CALIFORNIA uy 
Gh Dete Medel Repert No. ZP-7-O22 TH 


REF PAGES 22 THRU 2G 


(28) Vr 27*b@ £19,729 bo 


(29) PARTIALLY FILLED TorUS 


: To h, (Wote:- 
f hL MAY @& + or -) 


VoL. OF LiQuiD= 
a & Vir 2m ath KTH + suk + FZ} 
Ke Ya 

(30) S;*4714%ab 

(3!) OvTeR SKIN SURFACE AREA. oF Zhs 


TOTAL WIDTH AND SYMMETRICAL ABOUT 
THE HORIZONTAL CENTERLINE, 


26" 47a [ b sin(24 + h.| 
(32) INNER SKIN (Zhe wie) 
Dit 4a lb sin'(®) = hs | 


CONVAITR 


@AN DIEGO, CALIFORNIA 
Medel _ 


ae 


PART TT 


DERIVATIONS 


errata m ETTELS 


Pepe [f erwien Pua 12) ETWEEN | 


Perm 


Repet Ne. ZP-7-O27TN 


Pte 


— (TESTE, 


Oate c oo N. M cow Poel | o@ 4) 
Prepared Sy = ie Tomp Porm 
Checked 8B: GAN DIEGO, cauipeeean 

G tne Dete mi Roper Ne. ZP- 7-O2ZZTN 


CONE. FRUSTUM TANK 


L= L,-L, 
-R 
TAN of 
: oR R 
\ = X TAN Zs Fane, 4a* Tend 
VOLUME (ENCLOSED FROM R, To R) 
: ve tt (“ e rd 3 ; 
t ae fx TANt x dx 
3 
= TT TANZK %& ee 
3 4B 
! 
= 37 TANK e-n F ix) 


» srl (RYLRY)_ oneth(ernmen) 
SURFACE AREA 
: Li 
s* (®28) on ae 


=: ~ aan 
» THERA) on = 1(R+R TRI 


/ Page 
Dete Cc 2 N V hee ib R Temp Perm 
crete “4 SA canoes CALIFORNIA 
Checked By N pide. 
© Revised Dete Medel Repert Ne. 2 P-7-O22 TN 


CONE FRUSTUM TANK (ConT'D) 

PARTIALLY FILLED TANK IN TERMS OF BASE. 
RABIUS (R) , Cone ANGLE (%) AND HEIGHT OF 
Licuip Ore ABOVE. TANKS BASE. 


4s R= X TAN XX 


i: roa 
cae 


C VOLUME © To h, 
Ve ni ae 
athe ——— dx | 
M CR*- ZRXTANK + xX? TAN‘ ) dx 
wl Rx -RxX*TANK + EX Tant< |e 
ath [Rt Rh tava + pAb] 


See een cI PPR MINE as 
a SY — 

De co 
Pra ‘ NVAIR Tenp mt 

hed BAN DIEGO, CALIDA 

G Revised Der Medol Repert Ne. Z P-7-022 TN 
OGIVE TANK (CIRCULAR) 
C RADIUS Nose) 
aa 


a dy XCe-xty ® 


CTPK aro 
44: Sas ae ar oe 4 =-h +¥r?-X* 
; 
! 


VOLUME: CeNcLos SED* TO. “d.-) 


c Ve mytdxe 1 fCa ER xt) dx 
2 a (AC bt 2A AEE + rt-x*) dx 
= Ti [ A>” x X-2heg late tre scn'(E)} 
toy Ae 
aL ide k tare, tat sic(F)} 
SURFACE é& Cro d) tld mi ree 
Ss: anf CRETE) | + fil 
Ps = an [C- i 4 TRED)) CaaS shal 


= rn | —- dae ear aL-hswiff) + x]5 


4 
ia 
ng 
ie 
ir 
fe 
x 
ie 
Le 

ix 
Ie 

eS 
Ie 


Pexe(__ TS) 
Temp Perm 


Date CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

Prepared By Sen Diego, California 

Cheeked By ZP-7-022 N 
Revised Date Medel Repent Ne. < 227 


SPHERICAL BULKHEAD. 
CTHE FOLLOWING APPLIES TO A BULK'D 
FOR A CYLINDRICAL OR TAPERED TANK) 


ek. 
E { mem * MISSILE TANK RADIUS 
bs ue | JV * BULKD RADIUS 
A Ho = Burke D HEIGHT 
| # 4 Fat 
| A] mee H # RO KNowN 
2 3) = a blisSiLe fos t 
| 
eH} -m 
toa + 4 = ye al 2 aS <* 
r iN er ee z, ws 2 : 
c Ce Wy + RY SA on AP ZAH + Het Read 


H = 
yas a a 


VOLUME 
IN TERMS OF BULK D HEIGHT (H) 4 Raoius (A) 
J = ii © af be - ii Ce x) dy 


IN TERMS OF Buty.’p HEIG H A AD 
jie. Ee nd IN THE ABOVE FORMULA 
¢ ; Z 2H 
Vig x Lu*+3R*J 


Dete 
Prepered By 
Checked By 


C Revised Date 


a, 


ke to} 
CONVAIR Eee 


é Temp Perm 
da one Repent We, ZP-7- O22 TN 
SPHERICAL BULKHEAD Contd) 
Aw 4 ae 
2m h ‘Ac 3° AY dy 
pear Kt S ds {1 +@3) dif 


ll 


= 


FOR 


eae 
ae ee 


4-4 


an” tae K* oly 
2nf Vr HR Ly 
af an dy 

yA 
AT Ae. eae 
aT A LA-@-H)] 


HEMISPHERE HeAv 


:, 2 
SEF 27 N CHEM SPHERE) 


9 


Oete CON VAT R Temp Porm 
Prepared By ee ee ee ees 
Cheeked By WAN [AEGO, CALIFORNIA 


Report Ne. ZP-7-O2RZTN 


3 Revised Dete Medel 


SPHERICAL BULKHEAD Cont) 


VOLUME OF LIQUID IN PARTIALLY FILLED Buik’b 
IN TERMS OF LIQUID Derte (), BULKD 
RADIUS () ANd dist. CL) WHick IS THE | 
DISTANCE BETWEEN THE BULK'D BGASE. 
AND THE CENTER POINT OF THE BULK’D 
RADIUS. 

Noté:IT is DESIRABLE TO SHIFT THE X 
AXIS TO THE BULK'DS BASE FOR REASONS OF 
SIMPLIFICATION WHEN (CA) [8 INTRODUCED 
INTO_ THE MATHEMATICAL EXPRESSION. | 


VW 3 : A ne-xX*- 2 4X - 42) Ax. 


: eae OS | Rae 
Dete CONSOLIDATED VULTEE AIRCRAFT CORPORATION om Tomp Porm 
Prepared By San Diege, Califernia 
C Sained Des Medel Report Ne. ZP-7-O2Z2TN 


ELLIPTICAL BULKHEAD 


VOLUME. (ENCLOSED BY THE BULKHEAD 
IN A CYLINDRICAL TANK) 


GEN, ELuP. EQUATION 
2 2 
- + a = | 


i i 
Eb a7 R= TANK RADIUS 
OL? BULK’D HEIGHT 


VOVUME ENCLOSE 2D TO. =n 


spol Et ~ = 1 “TREK XT ab. 
| 2 ey 


CLUME ENSLOSES TO A&W CENTIRE Bou) 


\/ = TT LOR pe Sk | (From Agove) 
WHEN >=Q. and K,* Be 
aoe eee 
® Vim [Roa -4 Beal] 


& 
is 
had 
mt 

w 
2 


0 Scr eee a SEER SUERE PE MH RS ores 


Date CONVAIR Temp Perm 
a i AN DIEGO, CALIFORNIA O22TN 
Checked B: s , -7- 
9 Revised Date Medel Report No. ZP- 7] 
SCIP TICAL en re CCont'p) oo 


SURFACE. AREA (BULK'D IN CYLINDRICAL, TANK) | 
i Hae wee R* = CK,X)* 
K+ % . ae 


KIX 
a dx 
® . as, Vir BX dy -— 
: nf’ TeTER rn re Ax co 
on [VEER Kix*+ K4x® dx i. 
2m fev Ret (KEK) xX olx 
ler c,7 KE- K? | 
ramp vex tR dx | 
= 271 EVGCHR + Fhe Loe (x1C, wort 
[ssn a Toat+ Re (carae +4 | + fe [Loe (ave HeaeR) - Le - LOG all 
Qe BULK, HEIGHT R= TANK RADIUS 


3 C).* K? -Ki wrere. K,= RA, i 
Log. 1% TO BASE “©” . ; | 
t 


Poe(_ TS) 
Date Cc Dea N Mv A” a R 
Prepared By Temp Perm 
Checked By SAN DIEGO, CALIFORNIA 
9 Revieed Dete Model __ Report No. ZP-7-O2L2TN 


JEUuUIPTICAL BULKHEAD (Conrt'p) 


RAbIUS oF cURVATURE ( P) 


dé (ate Moa) ptt (R= Kix?) L2K 2x) 
C1] z* 


- Ki x? 


A ee ee Kix) $ (-2kixy 
Re - K?, x? 


- Ki (R?- Kix") - ur ae Ss zoe 
(R*- Ki x*Ve Ge a 
f= Lis fomrecee. ee): oak 
CR? ne em 


: aah Lt Ka" | (R-KIX*) sik 


' 
za 
nw 
x (+ 
aN 
Ri 
(ae 
te 
i 
Oe od 
TDS 


Soe 
Mog 


Date 


Poe TS) 
CONVAIR ee - 
Prepared By a he 
Checked By SAN DIEGO, CALIFORNIA 
2 Revised Date Medel Repert No. 2 P-7-CZ2TN 


EuwiPTICAL BULKHEAD Coonra) 


VOLUME (ENCLOSED BY THE BULKHEAD 


AT THE END OF A CONICAL 
FRUSTUM TANK ) 


= , 
: GEN ELUPTICAL EQUATION 
7 Sager eae We 
b R, a ae 
a a 
a = b -CK, xX) 
4 >< b 
a ia | Ki = 7a 
if WHERE | 
Pi OL b= MAJOR SEMI: AXIS 


OL>= MINOR, SEM AXIS 
A* PROPELLANT LEVEL 


CxrR Tanot (INTERSECTION OF TANK WITH BuLx's) 
Ke 


VOLUME ENCLOSED FROM “Cc” To A’ 


rh. L 
V3 TY 4 de = if [be - (Kx) ] bx 
wl A- 3K? 2 - Bo +b Kc? ] 
ml b’CA-c) +4 lac! oh 


en 
(oR; Z 


1 (@) La: (hee) + +k(e-4)] 


VOLUME ENCLOSED FROM “C” To “a” 


Vet _ pCasc) +4 Ki Cc*- vias), | 


bs 
f oR) - (By La2(o.-c)+4 ceo = - aly] Ben 


Date CON VAI R Temp Porm 
Prepered By A Gvinem OF Aumeasy srnamirs oe 
SAN DIEGO, CALIFO 
C estat on Medel Report No. ZP-7- O22 TN 


} 


ELUwIPTICAL BULKHEAD (Conr'p) 
(Buik’b AT END OF CONICAL FRUSTUM TANK Cont’) 


; fo Se 
GENERALLY SPEAKING. THE VALUE K, CRatio. 
OF MAJOR TO MINOR AXIS)IS PRE-DETERMINED | 
BY STRUCTURAL CONSIDERATIONS, ALSO THE 
VALUE OF R, CRADIUS OF TANK, END) AND 
CS CCONICAL FRUSTUM HALF ANGLE) ARE, 
KNOWN, FROM THE TANK, GEOMETRY. FROM 
THESE CK,,R,% &) THE BULKHEAD. 
GEOMETRY MAY BE SET As FOLLOWS. 


BULKHEADS MAJOR AXIS “b* . 


= 12 a 
c y*2 b ~(K,X) (asic. EQUATION) 
b .V 4s +(K; X) 
TAN & 
WHEN 4 z R, xXxz=Ce cee ae 
L =/R? +(K, Blane? 
"ie Ke + TAN 7K 
a: K, | 
TF THE BULK'’DS HEIGHT “H” BEYOND THE 
TANK, END 15 KNOWN IN ApbDITION TO KR, @e 
THEN , : if 
HF®a-c CFROM FIGURE OF PREYIQUS 
: az PAGE 
3 a SBS nae 


Date 


Page 
CONVAIR 
Prepared By boxe MBL bck, Sieve to buank lee. loeean aeack Temp Perm 
Checked By SAN DIEGO, CALIFORNIA 
3 Revised Date Medel 


Report No. ZP- 7- O22 TN 
ELLIPTICAL BULKHEAD (Contd) 


(BoLK'D AT END OF CONICAL FRUSTUM TANK: Contd) 
VALUE oF “Cc” 


AND R, 

- Tb 
—— ; C= DISTANCE BETWEEN MAJOR 
Lt i ha 


AXIS AND BULKHEAD 
INTE RTECTION WITH TANK 
ae TANK AND BULKHEAD 
INTE REECTION RADIUS 


ee CRADIUS AT TOP oF TANK) 
ol le Q= BULK D MINOR SEMI AXIS 
a b = 0 


MAJOR, * * 


4*= be -(K,X) BoLk>D GENERAL FORMULA 


Kk, % 


A 
a = SLOPE AT ANY POINT ON ELL PSE 


uate = O- 2Kr x Ax 


COIFF, CF ABcVE FoeMua) 
# sat 7 ante 
ALLO a = - TAN 
THEN - TAN < = - ie . 
WHEN X 2 w= R, 
TANK = K; = 


_ 


(3 

( 
my 
aD 

R 


Samm UST 


cementite ame 


Dote Cc °° N. LY. ins a R 

Prepared By 

Checked By SAN DIEGO, CALIFORNIA 
es Dote Model 


ELLIPTICAL | 


r 


nae OS 


BULKHEAD Contd) _ 


Repert No. ZP- 7-O2ZZ TN 


(Buk Db AT END OF CONICAL FRUSTUM TANK - Cont'd) 
Vatue of “C” AND R/’ (Cont) 


TAN & = Kz 
WHEN X= . 
TAH eco KK 
TANCCO ERIC De KS ce 
(Ki +Ke Tan?<)c* 


C= 


b TAN * 62 
a ice AN Pe ee x 
Katee et ee. 


eas eal AN. a 
Vb * OF TANT © 


WHEN XxX = a Ry 
HEN FROM at b*-K? 
Reb Sec 
R, bes oe Cc 


( (FROM PREVIOUS PAGE) 


a -(K, 2)* 


2B TAN 
Y- + Tanrt«K< 
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ELUPTICAL BULKHEAD (Conr'd) 
SURFACE AREA (BULK’D AT SMALL END. 


OF CONICAL FRUSTUM TANK) 


) 4* = b = Ce xy 
. FR, ‘ 
K2* Yo. 


Teal 


SURFACE AREA OF THE. ELUPTICAL BULK D 


b | FROM LINE OF TANK INTERSECTION 15 
Ss: fo | 4 ds | 
FROM WHICH , CSEE DEVEL. ON PREVIOUS | pace) 


Ss an (Wawa be dx | . & 
WHERE, C2* Ks Bs K; | | 


= an] Ele tate Loar; Were pie 
s< tlavaarte + 2e los (art +VOatT), 
TONG cae - ‘48 Loa(cV, +¥C, Ct By) 


oo: 
WHERE: Q« Bois MINOR, SEMI ants Gamaxt) | i 
3 : be ou MaJoR oo” od 
C = DIST., BETWEEN MAJOR AXIS AnD Kd 
INTERSECT WITH TANK =. et 
C,* Ki-Kz WHERE K,= ios. | neg 
LO@' IS To.-BASE “Ee” _| 7S 
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TORICONICAL BULKHEAD 


VOLUME CENCLOSED BY BULKHEAD AT 
=z END OF CYLINDRICAL TANK) 


-- I a MISSILE 
ee = Azr SINE 


VOLUME ae i 


Xe + C4 h)® ht CREE 
. Sas Rae ee 


V;* a (~ ae LZ = > 1 “CA? + 2 ANATXZ + 2 - ae 
TAD + 2h AKER +02 gs 2) rex SPO 
nf doseidACt ETE + snl) - £ § 
Vovume IP 


3 Aw 2. CGENERAL Cons FormMuLaA) > 
= Ata? x Acord 
-_At Re cor _ Digs 


Ry R-A+ hk cote 
oe A CoT @ 
OR: A+ ACOSO 


Baa 1999 2 ee 


WARE Atari nen na 
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TORIGONICAL BULK'd (Cont'd) 


SURFACE AREA | 
SURFACE ENCLOSING voLuME I 


S,* an fry ds ds = V1 +@ay dx 
bh + TAR 
A: pisr (Ay we 
s,° 2m fk aE Ci ae , 


| : auf (AA OC pee) dx 
3 2 [Che +1 pote 


= 2A i [yew ti] dy 
= 2 A [2 swi%) +x ]4 
“2MALA swi(%) +h) 


SURFACE ERCLOSING VOLUME IT 


_ —AREA oF —- » mare 
SIL Sin 7 ee Ccrassic. ) 


ToTAL SuRF. AREA OF TORICONICAL BuLXd IS) 
3 St iS Dy + Sy 
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PARAB ois Gc  ISZULKHEAD _ 


; 4 BuiK's BASE 
ee 


GEN. PARABOLIC ERUATION 
we a Ax 
4] 4 A R* 
| a] Ar a. 
i OL 
et) 


Vouyme ENCLOSED FROM Wi To al” (area 
ea - 1 [Ax dx 


9 2 
a aor LEE 


. - d x 
: Le xe] os - TE] at-ca-Lhy] 
~Yure lek 45 ~ EmREACZ- &) 
WHEN A= GL THEN, 
ager se 
SURFACE AREA OF ENTIRE BOLD 


s= anf yds Gay ly 
. 21 (Nit +R) dy - fi TAY AX 
3 - bh ip + aye = Fi laaa trys A* | 


B(@sRY BR] - 183 (G8 (8)] 


: ar 
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RADIUS oF cuRVATURE (f) 


—™ 
| 
=i 
ee 
> 
ne 
x 
> 


! t 3 
~ = Ak CARA) “40% Caxsay" 


KE A® 
AS R - a 4 x By 
(&) 
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Note: THE MINUS SIGN APPEARING 
HAS NO SIGNIFIGANCE. AND 1S 
TREFORE DROPPED FROM THE 
EQUATION. 
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mia 

a X* + (y-b)*: a 
y-b = tYaz=x? 
= b t TQt-x? 


b +Vai- xe IS THE EQUATION FOR THE. UPPER SUNCIRCLE 
b-- ~ Var KE ” ” “ Un LOWER | 


SURFACE AREA. 


San fads ds+{! + Bay oly 


pase GENERATED BY REVOLVING THE JPEER. SEM) CIRCLE, 


Sys 2m [% Cb +Var=e I | + ot gel” Ax 


Ange GENERATED BY REVOLVING THE LOWER SEMI- CIRCLE es 


S27 ("Cb “Var=xe) | + =|” dx : - 


TOTAL SuRFACE AREA S7* Sy t Si 


. Beare 720 


Sp= anf yds + anf 4 ds -2n.[ ary 
“tanto sTe@e(y VEE] ds 
-27[-2bds , 
: anh [* [+ ae)’ “dx ~anb/ ‘oP 
"4tabl Cat x4de 


“| 
yd 
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Torus (cont'p) 
3,7 4mab (sw! )+c]” _ es 
, 4tabl[sw'(1) - sin(-1)] :. 74 
*4tabl2-F] ! 

| "Aa 


VOLUME, (ENCLOSED BY TORUS) 
Vhs Tf eg *) ole 

® ef i (b- VER de 
m{- Pe bi vntexte B+ 2bv at yx ld 
. ans [* (ar-x? dx 
4 Mb « iy | xvarcx +0. smi(K)) 
*“271b| a sin(1) - cl sw'G 1) | 
=27b[ at+t - at.(-¥)) 
-“271 bl 2a2« ZY} 
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Tervs Cont'd) 


THE DESIGN OF A TORUS TANK 18 USUALLY 
SUCH THAT HIGH STRESSES ARE. DEVELOPED 
IN THE SKIN OF THE “pDo-NUT” HOLE WHILE 
TRE TANK 15 UNDER PRESSURE. THIS OFTEN 
DICTATES HEAVIER GAGE SKINS IN THIS AREA. 
ALSO LIGHTER SKINS ON THE OUTSIDE OF THE 
TORUS. THE FOLLOWING FORMULAS ARE 
DEVELOPED FOR THESE LOCAL AREAS. 


OUTER SKIN 
ae: X*+(y- b= oF 
ae eae 
ee, Vara xe 
i INNER SKIN fa" b+Va?- x* (upper) 
| | | 4, = b-Va-x* (Lower) 


i] 
pus 
SURFACE. AREA OF OUTER SKIN (2 Aswipe) 
So" aeatt [ty ds ds-V1+Gay dx 
= 40 [Cb tar) [1 +A dx 
47 la b eae [ fsa | dx 
A, 


7 4m | ( tse + BE ) x 


YU xe if 
ana b sw(Z) +x I> 


= 47 Cb sa @) + 4a). i 


it 
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SURFACE OF_INNE SKIN (24% wey 


Ss y+ tina ( Yi ds 
ano Cb - ae + abe de 
“4nal Cpt -. 1) dx 
Pane (8) -xJ 


de * 
* 47a Cp sin'Ce)= td 
3 CHESK FoR ABovE 8S, 4 SL EQUATIONS | 
Se Sy + S: WHEN AQ® 


4 
, 


* 4na( b swi(&4 + L)4 4t a (bs! & - By) 
= 4Tla (b SiIN“(1) Frat bowl) sa) : 
~ 4a CzpB) 


2 : Oe, 
= 4T "ab CTHIS CHECKS. WITH FORMULA. 
FOR TOTAL AREA OF TORU®) | 


* NoTE ' sme) iS DEFINED AS THE ANGLE WHOSE, 
SINB . To EVALUATE THIS FUNCTION: . 
FIND A¥Yo. VALUE IN A TRIG. SINE TABLE TO OBTAIN, © 
IT'S CORRESPONDING ANGLE IN DEGREES. . MULTIPLY 
THE DEGREES BY .O1795 To OBTAIN: RADIANS: 
WHICH |S PLUGGED DIRECTLY INTO THE 
FORMULA IN PLACE oF * Sin (4) Ze 


ay 7 rw 1 ee] 
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Torus. (Cont'p) a 
VOLUME. OF PARTIALLY | FILLED —TORDS TA NX 
> 4 
a oe Sur az 
VOLUME. OF. FULL TANK. | 
= 211% b a? on Pa, a 
Vo Ft fs ye) dx (sat P28) Sha ieee’ 


t 


458 M4 [xVarx? + of sin ye 


"anb | Alas 2. + at swf) - a? sc) 
"ane Afar + ashe BT ; 
AC May Be (+)oR(-) #9 fa ak. : 


IF AGIs REGARDED AS A eRoronnion” 


oF “oO” THEN -ALz Ka. SURSFTLTING 1. 4 
THIP IN THE FORMULA ABOVE. | jy HRA i. = 
Vi 2a otb § KVIFK 2 + swlk ¥) Ryo 
; H ; “Dy, 
: + Fai: : - a ao 
Bee? a 3 
Ks % : * ih 
1 a 
4 ne ; 
oe : 
iain ae i 
J | 


